Angiostrongylus cantonensis-specific antibodies (n = 10), patients with clinically suspected cases that tested negative for A. cantonensis-antibodies (n = 5) and patients with cerebral gnathostomiasis (n = 2) and neurocysticercosis (n = 2) were examined by a single-step polymerase chain reaction (PCR) 
Angiostrongylus cantonensis, a metastrongyloid nematode, is the major causative agent of human eosinophilic meningitis or meningoencephalitis in many parts of the world. Humans are infected by ingestion of thirdstage larvae found in molluscan intermediate hosts or other paratenic hosts, such as frogs, freshwater shrimp, crabs or monitor lizards (Eamsobhana & Tungtrongchitr 2005 , Eamsobhana 2006 , Cross & Chen 2007 . The infective larvae enter the circulatory system and migrate to the central nervous system (CNS), where they develop into young adults and damage brain tissue, causing intense inflammation. Pathological alterations of the CNS result in abnormal neurological signs and symptoms of meningitis/meningoencephalitis (Wang et al. 2008 , Graeff-Teixeira et al. 2009 .
A definite parasitological diagnosis is rarely achieved in patients with A. cantonensis infection. In the majority of cases, the diagnosis is based on the clinical presentations including severe headache, nuchal stiffness, paraesthesia or visual disturbances. The diagnosis is supported by positive antibody-detection tests for A. cantonensis, e.g., enzyme-linked immunosorbent assay (ELISA) and immunoblot analysis (Eamsobhana & Tungtrongchitr 2005 , Cross & Chen 2007 , Eamsobhana & Yong 2009 ). For some cases, test results fail to provide convincing evidence of the disease because of delays in antibody appearance after infection. In this situation, molecular approaches that target genetic sequences of A. cantonensis may assist in providing an aetiologic diagnosis.
In the last decade, various DNA-based diagnostic techniques have become available for detecting nucleic acids of pathogenic parasites in biological materials such as blood, stool, urine, cutaneous scrapings and secretions, including CSF (Tavares et al. 2011) . Polymerase chain reaction (PCR) evaluation of CSF has been successfully applied to the diagnosis of a number of CNS infections caused predominantly by parasitic protozoa (Tavares et al. 2011) . For helminth parasites, a semi-nested PCR based on the HDP2 DNA sequence has been reported to be specific for the diagnosis of neurocysticercosis caused by larvae of Taenia solium in CSF samples from infected patients (Hernandez et al. 2008) .
Recently, the mRNA sequence encoding the 66 kDa native protein from A. cantonensis adult worms has been described and used as the basis for developing a PCR protocol for simultaneous unambiguous identification of species of the genus Angiostrongylus. The AC primers are highly specific and have been used successfully to amplify DNA of Angiostrongylus species (Silva et al. 2003 , Eamsobhana et al. 2010 .
Because of the ease of amplification with high sensitivity and specificity attained by a single-step PCR, the AC primers directed against the 66-kDa protein gene of These CSF specimens were from clinically diagnosed cases with positive immunoblot tests for the presence of a 31-kDa band specific for A. cantonensis (n = 10; designated as CSF1-10) and clinically suspected cases with negative immunoblot tests for A. cantonensis infection (n = 5; CSF11-15). CSF samples (representing other clinically related parasitic infections) with positive immunoblot tests showing a 24-kDa band specific for G. spinigerum (n = 2; CSF16-17) and with ELISA-positive cases of T. solium neurocysticercosis (n = 2; CSF18-19) were included in the study. The CSF specimens were maintained at -80ºC in the Department of Parasitology at Siriraj Hospital after the initial routine immunological investigations. The use of these remainder clinical CSF samples for this study was approved by the director of Siriraj Hospital, Faculty of Medicine Siriraj Hospital, Mahidol University.
For DNA preparation, 500 μL of an individual CSF sample was concentrated to a final volume of 200 μL by ultrafiltration with a Centricon Ultracel YM-100 device (Millipore Corporation, Billerica, MA, USA) according to the manufacturer's protocol. The genomic DNA was extracted from each concentrated CSF sample using a proteinase K digestion step followed by purification of the DNA on silica-gel spin columns (QIAamp DNA mini kit, QIAGEN, Germany). Prior to DNA extraction, 5 μg poly dA (Sigma Chemical Co, USA) was added as a DNA carrier to 200 μL of AL lysis buffer (provided in the QIAGEN kit), as recommended by the manufacturer. The DNA purification procedure was performed according to the manufacturer's instructions for the extraction of biological fluids.
The presence of A. cantonensis DNA was confirmed by using the oligonucleotide primer pairs AC1: 5'CTCGGCTTAATCTTTGCGAC-3' and AC2: 5'AACGAGCGGCAGTAGAAAAA-3' (Silva et al. 2003) . The extracted A. cantonensis DNA (Thailand isolate) obtained from our previous investigations (Eamsobhana et al. 2010 ) was used as a reference positive control in the PCR amplification. The sequences were aligned using the CLUSTALW program (Thompson et al. 1994) , as implemented in BioEdit 7.0.1 (Hall 1999) , using default parameters.
The positive PCR amplification yielded a fragment of approximately 280 bp. PCR products were detected in four (CSF2, 3, 5 and 7) of the 10 CSF samples from patients showing clinical criteria of eosinophilic meningitis and positive results for a 31-kDa A. cantonensis-specific immunoblot band. No amplification occurred from the CSF samples from patients who showed clinical features of infection, but were negative for A. cantonensis-specific antibodies. The specificity of the AC primers pair was demonstrated by the absence of the amplification product in the CSF samples from patients with cerebral gnathostomiasis and neurocysticercosis. A typical amplicon pattern of positive and negative results is shown in Fig. 1 .
Three of the positive amplicons (CSF2, 3 and 5) yielded good sequencing results. Following alignment, a 250-bp sequence was obtained. A high degree of homology was present among the sequences and only a few deletions and transitions were observed (Fig. 2) . The sequences were related to the reference A. cantonensis sequence fragment (AC-TF) with 98.8%, 98.8% and 99.2% nucleotide similarity for CSF2, 3 and 5, respectively.
The specific AC primers were previously used to amplify a 232-bp fragment from three patients with histopathologically confirmed abdominal angiostrongyliasis (Silva et al. 2003) . In the present study, we have tested clinical CSF samples and found evidence for the presence of A. cantonensis DNA in four of 10 patients diagnosed with meningitic angiostrongyliasis. The lack of DNA amplification in the other six patients, despite parameters suggesting a high probability of A. cantonensis infection, may represent false negative results. The development of more sensitive PCR-based methods is needed for use with samples from patients in whom the burden of worms/DNA is below the threshold for detection. This study was not designed to measure the clinical sensitivity of PCR as a diagnostic test because complete clinical information on all the subjects was not available. Consequently, additional CSF samples from A. cantonensis-infected patients for whom complete clinical data are available should be evaluated.
Based on our results, DNA purification on silica spin columns may be used as a routine method of CSF preparation for PCR analysis. The major constraint on this DNA preparation method is the limited volume of clinical CSF samples usually available after their use for routine investigations. A higher volume of CSF will be required for DNA purification, particularly in cases of infection in which low numbers of worms are present in the CSF. Studies of the detection of A. cantonensis DNA in clinical CSF samples to support a diagnosis of eosinophilic meningitis due to A. cantonensis have been extremely limited. In this study, by using a standard PCR, we demonstrated the presence of A. cantonensis DNA in CSF samples from patients with neuroangiostrongyliasis. Although the PCR assay has yet to be assessed with CSF samples from parasitologically proven cases (because no samples from proven CSF cases were available for analysis), the assay was able to detect A. cantonensis DNA in CSF samples from patients who were serologically positive for infection.
